INTRODUCTION
Chlorpromazine (CPZ) is an anti-psychotic agent that belongs to the family of 23 phenothiazines. From a clinical standpoint, it is widely used to treat psychotic disorders metabolites, using chlorpromazine as an established reference compound. In this case, the 48 metabolites selected for the study (see Figure 1 ) are demethylchlopromazine (DMCPZ), 49 didemethylchlopromazine (DDMCPZ) and chlorpromazine sulfoxide (CPZSO). Both 50 DMCPZ and DDMCPZ maintain the CPZ chromophore unaltered, so modulation of the 51 photobiological effects would be associated with the nature of the aminoalkyl side-chain. 52 By contrast, CPZSO displays a modified tricycle aromatic core, which could be 53 responsible for major changes in the phototoxicological properties. 54 The proposed multidisciplinary approach encompass from photochemical (steady-state 55 and laser flash photolysis) to spectroscopic (Electron Paramagnetic Resonance, EPR) and 56 biological studies (neutral red uptake test, gel electrophoresis, comet assay) in order to 57 obtain mechanistic insight into the involved process. 65 All solvents (HPLC grade) and reagents were commercially available and used without 66 additional purification. Chlorpromazine, promazine, in 76 Synthesis of DMCPZ was achieved in two-steps following the demethylation procedure 77 described. 20 . In the first step, -chloroethyl chloroformate (ACE-Cl) was added to an 78 ethylene dichloride solution of CPZ in order to form the intermediate ACE-CPZ, whose 79 methanolysis afforded DMCPZ hydrochloride. As regards, DDMCPZ hydrochloride it 80 was obtained by reduction of the 7-chlorophenothiazinyl nitrile using LiAlH4. Soxhlet 81 extraction was performed in diethyl ether for 3 days, at 40 °C as in the original procedure 82 described for a related compound. 21 Finally, CPZSO was prepared from CPZ by oxidation 83 in aqueous nitrous acid, at room temperature, following the method reported. 22 .
84
All reactions were monitored by analytical TLC with silica gel 60 F254 and revealed with 85 ammonium molybdate reagent. The crudes were purified through silica gel 60 (0.063 -2 86 mm). 1 H-NMR and 13 C-NMR spectra were recorded in CDCl3 or CD3OD as solvents on 87 a Bruker AC-300 at 300 and 75 MHz respectively; NMR chemical shifts are reported in 88 ppm downfield from an internal solvent peak.
89
DMCPZ. 1 H-NMR (300 MHz, CD3OD) 2.19 (m, 2H), 2.64 (s, 3H), 3.10 (m, 2H), 4.06 90 (t, J = 6.3 Hz, 2H), 6.94 -6.98 (m, 1H), 7. 00 -7.11 (m, 4H), 7.16 -7.19 (dd, J = 7.8, 1.5 91 Hz, 1H), 7. 23 -7.28 (m, 1H) . 13 C-NMR (75 MHz, CD3OD) 24. 7, 33.7, 45.2, 48.2, 117.4, 92 117.6, 123.9, 124.6, 126.0, 127.0, 128.7, 129.0, 129.3, 134.7, 145.6, 147.9. 93 DDMCPZ. 1 H-NMR (300 MHz, CD3OD) 2.13 (dq, J = 14.2, 6.3 Hz, 2H), 2.98 -3.09 94 (m, 2H), 4.08 (t, J = 6.4 Hz, 2H), 6.95 -7.04 (m, 2H), 7.04 -7.10 (m, 2H), 7.13 (d, J = 95 8.2 Hz, 1H), 7.18 (dd, J = 7.7, 1.5 Hz, 1H), 7.25 (ddd, J = 8.2, 7.3, 1.5 Hz, 1H). 13 C-NMR 96 (75 MHz, CD3OD) 6. 0, 38.6, 45.2, 117.4, 117.6, 123.9, 124.6, 126.1, 127.0, 128.6, 97 128.9, 129.3, 134.7, 145.7, 148 .0. 3, 45.1, 45.7, 56.1, 116.3, 102 116.4, 122.2, 122.5, 131.4, 132.6, 133.1, 138.0, 139.1, 139.6. 103 
Irradiation Equipment

104
For all in vitro photosensitization assays, a photoreactor model LZC-4 (Luzchem, Neutral Red Uptake Phototoxicity Test was performed as previously described by the 115 OECD guideline 432 23 with minor modifications. Briefly, for each compound two 96-116 wells plates were seeded (2.5 x 10 4 cells / well). Cells were treated with test compounds 117 at eight concentrations ranging from 0.5 µM to 500 µM and incubated for 1h. Next, one 118 plate was irradiated on ice for 11 min to achieve a dose of UVA equivalent to 5 J/cm 2 119 (UVA LIGHT), whereas the other plate was kept in a dark box (DARK). The viability of 120 UVA treated control cells was greater than 90% of those kept in the dark indicating the The drug (CPZ) or its metabolites (10 µM) in 10 M PBS at pH 7.4 were added to 200 135 ng of supercoiled plasmid pBR 322 and mixtures were irradiated as described above. the minigels were allowed to gelify for 5 min, followed by immersion of the slides in 
223
This test is based on the calculation of the PIF that corresponds to the ratio of the IC50 for 224 each chemical with and without UVA irradiation. The values obtained are given in Table   225 1. densitometry of form II showed that DMCPZ and DDMCPZ display higher 277 photogenotoxic potential than the parent drug (Figure 3 B) The absorption spectra of CPZ, DMCPZ, DDMCPZ and PMZ showed the typical UV-
312
Vis spectral features of the phenathiazine chromophore, while CPZSO displayed bands 313 that absorb more in the UVA region ( Figure 5 ). data. 31, 32 However, the maximum in PBS appeared at  = 520 nm, and was due to the 322 CPZ radical cation. [33] [34] [35] [36] [37] In aqueous medium, DMCPZ and DDMCPZ, exhibited both 323 contributions from the triplet excited state and the radical cation. The decay traces 324 monitored at  = 470 nm (PBS, air) showed that the triplet lifetimes values of the three 325 compounds were in the submicrosecond domain and increased with the methylated 326 degree ( Figure 6B ). intensity increased with irradiation times (Figure 7) . This is in agreement with the 340 occurrence of a photodehalogenation reaction, leading to the corresponding promazines, 341 whose fluorescence quantum yields are much higher. A comparison of the fluorescence 342 intensity changes at 500 nm with irradiation times showed a similar trend for CPZ,
343
DMCPZ and DDMCPZ ( Figure 7B ). 
Electron Paramagnetic Resonance
351
To confirm the presence of intermediates of radical nature, an EPR study was performed.
352
As a matter of fact, the spin adducts obtained from 2-methyl-2-nitrosopropane (MNP) 
